The extensive methylation of green tea polyphenols (GTPs) in vivo may limit their chemopreventive potential. We investigated whether quercetin, a natural inhibitor of catechol-Omethyltransferase (COMT) and multidrug resistance proteins (MRPs), will differentially increase the intracellular concentration and decrease the methylation of GTPs in different cancer cell lines. Intrinsic COMT activity was lowest in lung cancer A549 cells, intermediate in kidney 786-O cells and highest in liver HepG2 cells. Quercetin increased the cellular absorption of epigallocatechin gallate (EGCG) four-fold in A549 cells with a decreased methylation rate from 63% to 19%, 2fold in 786-O cells with a decreased methylation from 97% to 56%, while no significant effect was observed in HepG2 cells. The combination significantly decreased the activity and protein expression of COMT and decreased the protein expression of MRP1 compared to individual treatments. The combination exhibited the strongest increase in antiproliferation in A549 cells, an intermediate effect in 786-O cells and lowest effect in HepG2 cells. The effect of quercetin on bioavailability and metabolism of GTPs was confirmed in vivo. SCID mice were administered brewed green tea (GT) and a diet supplemented with 0.4% quercetin alone or in combination for 2 weeks. We observed a 2 to 3-fold increase of total and non-methylated EGCG in lung and kidney and a trend to increase in liver. In summary, combining quercetin with GT provides a promising approach to enhance the chemoprevention of GT. Responses of different cancers to the combination may vary by tissue depending on the intrinsic COMT and MRP activity.
Introduction
The chemopreventive activities of green tea (GT) and green tea polyphenols (GTPs) have been well documented in in vitro cell culture and in animal models against a variety of cancers including lung, liver, prostate, colon, pancreatic, breast, and kidney cancers [1] [2] [3] . However, the translation of these anti-carcinogenic effects to humans is difficult due to the relatively low concentrations of GTPs achievable in human plasma 4 . In addition to their low bioavailability, GTPs are extensively transformed in vivo leading to enhanced excretion and reduced chemopreventive activity 3, 5 .
The main active components of GT are (−)-epigallocatechin-3-gallate (EGCG), (−)epigallocatechin (EGC), (−)-epicatechin (EC), and (−)-epicatechin-3-gallate (ECG), with EGCG being the most abundant and most biologically active component 5 . Upon uptake, the non-gallated GTPs such as EGC and EC undergo extensive glucuronidation and sulfation while the gallated GTPs EGCG and ECG are mainly present in the free form 6 . All GTPs are readily methylated by catechol-O-methyltransferase (COMT) leading to a decrease in urine excretion 7 . Previously we found that approximately 50 percent of EGCG was present in methylated form (4″-O-methyl EGCG, 4″-MeEGCG) in human prostate tissue obtained at prostatectomy after consumption of 6 cups of GT daily for 3-5 weeks 8 . Methylation significantly decreased the cancer-preventive activity of EGCG in cultured LNCaP prostate cancer cells and Jurkat cells 8, 9 . The bioavailability, cellular uptake and excretion of GTPs are regulated by the activity of the multidrug resistance proteins (MRPs) MRP1 and MRP2 4 . MRP1 is located at the basolateral membrane and assists the transport of compounds from the interior of the cells into the interstitial space 10, 11 . MRP1 is distributed ubiquitously in the body but occurs in low concentration in the liver 10 . MRP2 is located at the apical surface of the liver, kidney and intestine where it transports compounds from bloodstream into the lumen, bile and urine 10 .
Quercetin is a flavonoid found in most edible vegetables and fruits particularly in onions, apples, and red wine, and its inhibitory effects on MRPs and COMT activity have been well documented [12] [13] [14] [15] . Quercetin itself has been shown to exhibit chemopreventive activities in several cancers including liver, lung, and prostate cancers [16] [17] [18] . The objective of the present study was to determine whether the combined use of quercetin with GTPs will increase cellular uptake of EGCG and inhibit its methylation through the inhibition of MRPs and COMT, thereby enhancing the antiproliferative effect of GTPs. Three cancer cell lines representing the predominant form of their specific cancers were investigated in vitro, including human non-small cell lung adenocarcinoma A549, human renal cell adenocarcinoma 786-O and human liver hepatocellular carcinoma HepG2 cells. In addition, the effect of quercetin on the bioavailability and methylation of GTPs was confirmed in vivo in severe combined immunodeficiency (SCID) mice.
Materials and Methods

Cell line and cell culture
A549, 786-O, and HepG2 cell lines were from American Type Culture Collection (ATCC, Chicago, IL). A549 and 786-O cells were cultured in RPMI 1640 medium, and HepG2 cells were cultured in DMEM medium (Mediatech Inc., Manassas, VA) supplemented with 10% (v:v) of fetal bovine serum (FBS) (USA Scientific, Ocala, FL), 100 IU/ml of penicillin and 100 μg/ml of streptomycin (Invitrogen Inc, Carlsbad, CA) at 37 °C in a 5% CO 2 incubator.
Cellular absorption of EGCG and quercetin
A549 cells, 786-O cells and HepG2 cells were allowed to grow to 50-60 percent confluency in 100 mm Petri dishes. Cells were incubated with fresh serum-complete medium containing 80μM EGCG (Sigma-Aldrich, St Louis, MO), 10μM quercetin (Sigma-Aldrich), 20μM quercetin, 80μM EGCG + 10μM quercetin, or 80μM EGCG + 20μM quercetin for 2h. To minimize the effect of hydrogen peroxide (H 2 O 2 ) that may be formed by autoxidation and/or dimerization of EGCG and quercetin in medium 19 , 50 U/ml of catalase was added to the medium prior to EGCG and quercetin in all the experiments. The procedures for cell harvest was described previously 8 . Briefly, the medium was removed and the dishes were washed with 10 ml of PBS for 3 times. The dishes were placed on ice and cells were collected and homogenized in 100μl of 2% ascorbic acid in water. The homogenate was centrifuged at 10,000 rpm for 15min and the supernatant was transferred and protein precipitated for detection by HPLC-CoulArray electrochemical detection system (ESA, Chelmsford, MA). Cytosolic EGCG and quercetin concentrations were normalized by cytosolic protein determined by the Bio-Rad protein assay (Bio-Rad Laboratories, Hercules, CA). All the experiments were repeated three times. In order to confirm the role of COMT in the absorption and metabolism of EGCG under the combination treatment, COMT gene expression was inhibited by treatment with human COMT siRNA (SASI_Hs01_00088008, Sigma-Aldrich) following the manufacturer's protocol. Briefly, HepG2 cells were seeded in a density of 2.5×10 4 cells/cm 2 20h before the siRNA transfection. 10nM or 20nM of COMT siRNA was mixed with N-TER nanoparticles (Sigma-Aldrich), diluted in serum-free medium and added to the cell dishes. After 3h incubation, another half volume of 2× serum medium was added and the dishes were incubated for 24h before the replacement of the medium with fresh complete medium. After 48h, cells were harvested and total protein was extracted for the determination of COMT protein expression by Western blot. In a second experiment HepG2 cells were transfected the same way with 10nM siRNA. The cells were treated with EGCG, quercetin or their combination as described above and cellular concentrations of EGCG, quercetin and their methylated metabolites were measured.
Cell proliferation assay
Cells were seeded into 96-well plates at a density of 5×10 3 per well and treated with the following: vehicle control (DMSO), 40μM EGCG, 10μM quercetin, 20μM quercetin, 40μM EGCG + 10μM quercetin, or 40μM EGCG + 20μM quercetin for 24 and 48h. Cell proliferation was determined with adenosine triphosphate (ATP) assay using the CellTiter-Glo® Luminescent Cell Viability Assay kit (Promega Corporation, Madison, WI). Each concentration had five repeats of wells at each time point. The experiment was repeated three times.
Determination of COMT activity
Cells were cultured in 60 mm Petri dishes and treated with EGCG and quercetin at the same concentrations as used for cell proliferation assay. After 2h, the cells were harvested and COMT activity were measured followed the procedures described by Reenilä et al 20 with some modifications. Briefly, medium was removed and the dishes were washed with 5 ml of cold PBS for 3 times. The cells were collected and homogenized in 10mM Na 2 HPO 4 buffer (pH 7.4) containing 0.5mM dithiothreitol. The homogenates were centrifuged at 900g for 10min at 4°C and protein concentrations in the supernatant were measured by the Bio-Rad protein assay following the manufacturer's protocol (Bio-Rad Laboratories). The supernatants were stored at −70°C until use. The COMT activity was evaluated based on the formation of the methyl metabolite vanillic acid (3-methoxy-4-hydroxybenzoic acid) of dihydroxybenzoic acid (DHBAc) catalyzed by COMT. Briefly, the cell preparation containing 100μg protein was incubated at 37°C with 0.2mM S-adenosyl-L -methionine iodide (AdoMet) (Sigma-Aldrich), 5mM MgCl 2 , and 200μM DHBAc, buffered with 100mM Na 2 HPO 4 buffer (pH 7.4) in a total volume of 125μl. After 30min, the reaction was terminated by adding 25μl of 4M perchloric acid. Protein was removed by centrifuge at 14,000rpm for 15min, and the supernatant was detected by HPLC-CoulArray detection system for vanillic acid which had a main peak at 500mV. The COMT enzyme activity was expressed as nmol vanillic acid formed/h/mg protein. The experiment was performed in triplicate.
Western blot analysis of COMT and MRP1 protein expression
The effect of EGCG and quercetin on protein expression of COMT and MRP1 was analyzed in A549 cells who showed the highest sensitivity to the combination treatment. A549 cells were allowed to grow to 50-60% confluency in 60 mm Petri dishes then were treated with vehicle control, 40μM EGCG, 20μM quercetin, or 40μM EGCG + 20μM quercetin for 24h or 48h. The procedure for cell harvest and protein extraction was described before 8. Briefly, the medium was removed and cells were washed three times with cold PBS. The cells were lysed in cold lysis buffer for 5 min on ice and the crude lysate was passed through 26 ½ G needle and cleared by centrifugation. The protein concentration was measured by the Bio-Rad protein assay according to the manufacturer's protocol (Bio-Rad Laboratories). For the Western blot analysis, 50 μg of protein was loaded and separated on a 4-12% Bis-Tris gel (Invitrogen, Carlsbad, CA). Proteins were electrotransferred to nitrocellulose membranes and blocked in Tris-buffered saline with 0.1% Tween 20 and 5% nonfat milk for 1 hour at room temperature. Membranes were incubated with rabbit anti-human COMT antibody (sc-25844) at a dilution of 1:1000 and MRP1 antibody (sc-7773-R, Santa Cruz, CA) at a dilution of 1:200 overnight at 4°C. β-actin protein was used as loading control. Goat antirabbit IgG-Horseradish Peroxidase was used as the second antibody. Protein was visualized and analyzed using a ChemiDoc XRS (Bio-Rad Laboratories) chemiluminescence detection and imaging system.
Animal study
All procedures carried out in mice were approved by the UCLA Animal Research Committee in compliance with the Association for Assessment and Accreditation of Laboratory Care (AAA-LAC) International. Male SCID mice (Charles River Laboratories) were bred in a pathogen-free colony and fed a sterilized AIN-93G diet (DYETS Inc., Bethlehem, PA) and water for acclimation. The mice were assigned to one of four groups with 5 mice in each group: 1) control, receiving AIN-93G diet + water; 2) GT, receiving AIN-93G diet + brewed GT as drinking water; 3) quercetin, receiving 0.4% quercetin supplemented AIN-93G diet (customized by DYETS inc.) + water; and 4) GT + quercetin, receiving 0.4% quercetin supplemented AIN-93G diet + brewed GT water. GT was brewed three times a week on Monday, Wednesday and Friday by steeping 1 tea bag in 240 mL of boiling water (pH 3) for 5 minutes. Tea bags (Authentic GT) were generously provided by Celestial Seasonings (Boulder, CO). The GTP composition of the brewed GT in mg/L was as follows: EGC 204 ± 4, EGCG 388 ± 12, EC 44 ± 2, ECG 64 ± 7 and catechin 7 ± 1. After 2 weeks of the intervention, the mice were sacrificed and lung, kidney and liver tissues were snap-frozen in liquid nitrogen and stored in −70 °C for the analysis of GTP contents.
Analysis of tissue GTPs
150 mg of lung, kidney and liver tissues was homogenized and incubated with 1,000 units of β-glucuronidase (G7896, Sigma-Aldrich) and 40 units of sulfatase (S-9754, Sigma-Aldrich) buffered in 300 μL of 0.5 M phosphate buffer (pH 5.0) at 37°C for 45min to digest the conjugated forms into free forms. After incubation, 4× extracts with 1ml of ethyl acetate were combined with 20 μL of 2% ascorbic acid in methanol and dried in vacuum and reconstituted for HPLC-CoulArray detection (ESA, Chelmsford, MA). The potentials of the 8 channels of the CoulArray detector were sequentially set at −60 mV, 20 mV, 100 mV, and 180 mV, 260 mV, 340 mV, 420 mV, and 500 mV.
Statistical analysis
SPSS (Version 18.0, Chicago, IL) was used for statistical analyses. Data were expressed as mean ± standard deviation (SD). Comparison of means was performed by two independent samples t-test, or one-way analysis of variance with Tukey's posttest. Differences were considered significant if P<0.05.
Results
Quercetin increased the cellular uptake and decreased methylation of EGCG in vitro
The cellular uptake and methylation of EGCG varied significantly in the three cell lines. After incubation with EGCG alone for 2h, total EGCG concentration was 2 to 3-fold higher in A549 cells compared to 786-O cells and HepG2 cells (Figure 1 ). Co-treatment with 10 μmol/L of quercetin increased the cellular concentration of total EGCG by 3 to 4-fold in A549 cells in a dose-dependent manner and 2-fold in 786-O cells. No significant change in cellular uptake of EGCG was observed in HepG2 cells by the combination treatment with quercetin. Intracellular EGCG was extensively methylated to 4″-MeEGCG in all three cell lines when treated with EGCG alone (Figure 1 ). Co-treatment with quercetin substantially decreased 4″-MeEGCG concentration compared to total EGCG from 63% to 19% in A549 cells and from 97% to 56% in 786-O cells. A small but statistically significant decrease of the methylated portion of total EGCG from 98% to 90% was observed in HepG2 cells. Quercetin exhibited a much higher cellular bioavailability than EGCG. When treated with 20μM of quercetin the intracellular concentration of total quercetin was 5 to 11-fold higher compared to total EGCG when exposed to 80μM of EGCG in the three cell lines. However, co-treatment with EGCG decreased the total intracellular concentration of quercetin by 2 to 3-fold concurrent with a 10-30% decrease in isorhamnetin (3′-O-methyl quercetin) in all three cell lines (Figure 1 ).
When HepG2 cells were treated with COMT siRNA at 10nM and 20nM, the COMT protein expression was inhibited by 30% and 40%, respectively (Supplement, Figure 1 ). After pretreatment with 10nM of COMT siRNA, the co-treatment of quercetin with EGCG significantly increased the intracellular concentrations of total EGCG by 17 times compared to individual EGCG treatment, and decreased the methylation rate of EGCG from 32% to 22%.
Quercetin increased the anti-proliferative effect of EGCG
Quercetin dose-dependently increased the anti-proliferative effect of EGCG in all three cell lines at 24h and 48h ( Figure 2 ). The combination of quercetin with EGCG demonstrated the strongest increase in antiproliferation in A549 cells. Cell proliferation was inhibited by 17%, 9% and 42% with the treatment of 40μM of EGCG, 20μM of quercetin and their combination, respectively, at 24h, while by 20%, 32% and 69% at 48h. In 786-O cells and HepG2 cells the combination of quercetin and EGCG demonstrated an intermediate and lowest stimulatory effect, respectively. The proliferation of 786-O cells was inhibited by 11%, 15% and 34% by 40μM of EGCG, 20μM of quercetin and their combination treatments, respectively, at 24h, and by 17%, 21% and 47% at 48h; while HepG2 cell proliferation was inhibited by 9%, 9% and 24% at 24h, and 15%, 21% and 35% at 48h.
Quercetin increased the inhibition of COMT activity and protein expression
The baseline COMT activity in HepG2 cells was 4 and 24 times higher compared to 786-O cells and A540 cells, respectively (Figure 3 ). Both EGCG and quercetin were able to inhibit the activity of COMT in all three cell lines. Quercetin in combination with EGCG significantly enhanced the inhibitory effect in a dose-dependent manner. Western blot analysis in A549 cells showed a small but significant inhibition of COMT protein expression by both EGCG and quercetin alone after treatment for 48h, but quercetin was stronger than EGCG (Figure 4 A and B) .When cells were treated with EGCG and quercetin the COMT protein concentration was decreased by 30% compared to control.
Quercetin inhibited MRP1 protein expression
EGCG treatment at 40 μM did not affect the protein level of MRP1 in A549 cells. Quercetin treatment of 20 μM inhibited MRP1 protein expression significantly over time by 16% and 37% at 24h and 48h, respectively (Figure 4 A and C) . The co-treatment with EGCG and quercetin further decreased the MRP1 protein expression compared to quercetin alone (Figure 4 A and C).
Quercetin increased the bioavailability and decreased methylation of GTPs in vivo
No difference in food and water consumption and body weight was observed in SCID mice in the four intervention groups. The average daily consumption of diet was 2.8 ± 0.6 g per mouse, and 3.8 ± 0.2 mL of water. The tissue concentrations of GTPs, quercetin and their metabolites were below the detection limit in tissues from the control group. After 2-weeks of GT intervention, the major GTPs including EGCG, EGC, ECG, and EC were found in mouse lung and kidney ( Figure 5A and B) . In lung tissue 39 percent of total EGCG was found in methylated form (4″-MeEGCG) while 53 percent of EGCG was methylated in the mouse kidney. However, in liver tissue EGCG was only present in methylated form ( Figure  5C ). Co-treatment of quercetin with GT significantly increased the tissue concentrations of total EGCG, EGC, ECG, and EC by 2 to 3-fold in lung and kidney, while only a small increase (1.3 fold) of total EGCG was observed in mouse liver ( Figure 5 ). Concurrently, the percentage of 4″-MeEGCG of total EGCG was decreased from 40% to 20% in lung, from 53% to 33% in kidney, and from 100% to 66% in liver. When mice were treated with quercetin alone, about 95 percent of quercetin was found in methylated form (isorhamnetin) in lung, kidney and liver tissues ( Figure 5B ). The combination of quercetin with GT decreased the tissue concentrations of total quercetin by 20-50% along with a decrease in isorhamnetin ratio to quercetin by 90%, 81% and 61% in lung, kidney and liver, respectively ( Figure 5 ).
Discussion
Our results demonstrated that combined treatment with EGCG and quercetin enhanced the chemopreventive activity of EGCG in different cancer cell lines by increasing the bioavailability and decreasing the methylation of GTPs. The extent of the quercetin effect varied by tissue type depending on the baseline activity and protein concentration of COMT. The important role of catechol O-methylation of GTPs in cancer prevention has been supported by evidence from an epidemiological study in breast cancer 21 . Due to a common polymorphism of COMT its activity can vary by 3 to 4-fold 22 . A case control study in Asian-American women provided evidence that the risk of breast cancer was significantly reduced only among tea drinkers possessing at least one low-activity COMT allele 21 . The importance of COMT activity to chemoprevention by GT is further supported by our previous findings that EGCG was extensively methylated in human prostate tissues obtained from prostatectomy and in mouse tissues after GT consumption, and that methylation significantly decreased the anticancer activitities of EGCG as shown by our laboratory and by other investigators 8, 9 . Results from the present study demonstrated an inverse relationship of increase in EGCG bioavailability in cells treated with quercetin and EGCG to COMT activity. A549 cells had the lowest COMT activity among the three cell lines correlating to the strongest inhibition in cell proliferation by the combination treatment. However, HepG2 cells demonstrated the least sensitivity to the combination probably in part due to their high intrinsic COMT activity. After the inhibition of COMT gene expression by COMT siRNA, the cellular uptake of EGCG in HepG2 cells was significantly increased concurrent with decreased methylation of EGCG in response to the co-treatment with quercetin, which confirms the effect of COMT. Quercetin has been reported to inhibit COMT activity through a combination of two mechanisms: one through the formation of S-adenosyl-L-homocysteine as a result of its own rapid O-methylation catalyzed by COMT, and the other as its direct competitive inhibition of the enzyme by serving as a substrate 23 . In addition to the ability to inhibit COMT activity, quercetin demonstrated a stronger inhibitory effect on COMT protein expression than EGCG, leading to decreased methylation of GTPs both in vitro and in vivo. Recently, Landis-Piwowar et al. reported that a decrease in COMT activity in breast cancer cells led to an increase in proteasome inhibition and apoptosis induction by EGCG treatment 24 , supporting the important role of COMT in GT chemoprevention.
The cellular uptake and excretion of GTPs are mainly regulated by MRP1 and MRP2 as well as by the organic anion-transporting polypeptides (OATPs) 4, 26 . The MRPs are members of the ATP binding cassette superfamily of transport proteins 4 . MRP1 is present widely throughout the body with relatively high levels in lung and kidney but lower levels in liver 10 . MRP2 is mainly found in liver, kidney and intestine 10 . GTPs are substrates for both MRP1 and MRP2 4 . Quercetin has been demonstrated to inhibit the MRP activity with a 12fold stronger effect on MRP1 than on MRP2 12 . It is the main function of MRP1 to transport substrates out of the cell. Therefore with quercetin mostly inhibiting MRP1 it exhibited the strongest increase in cellular concentration of EGCG in lung cancer A549 cells where MRP1 is mainly located, a moderate increase in kidney cancer 786-O cells with both MRP1 and MRP2, while we observed the weakest effect in liver cancer HepG2 cells with mainly MRP2 present. Quercetin is extensively methylated, sulfated, or glucuronidated upon uptake 25 . It has been demonstrated that these quercetin metabolites, such as isorhamnetin and 7-Oglucuronosyl quercetin exhibited equal or stronger inhibition on MRPs compared to quercetin 26 . Therefore we are confident that quercetin will also inhibit MRPs in vivo. Both EGCG and quercetin may also use the OATPs for transport into the cells 27, 28 . It has been demonstrated that EGCG inhibited OATP1A2, OATP1B1, and OATP2B1 in a dosedependent manner, which may further inhibit the uptake of quercetin by the cells 27, 28 .
The cellular concentrations of total quercetin was decreased when administered in combination with EGCG, which was also observed in our in vivo mouse studies. This may be due to a competition of transport in and out of the tissue cells as well as during the intestinal absorption process 27, 28 . Possibly the increase in intracellular EGCG concentration compensated for the loss of cellular quercetin contents, leading to a synergistic/additive effect in anti-proliferation by the combination. On the other hand, the decreased absorption of quercetin may decrease the risk of any potential side effects considering its relatively high bioavailability as demonstrated in our in vitro studies. The percentage of isorhamnetin in total quercetin was much higher in mouse tissues compared to the ratio observed in cell culture, probably due to the entensive methylation of quercetin upon uptake in the small intestine and in liver resulting in high concentrations of isorhamnetin in bloodstream and subsequent absorption by tissues 29 .
Results from our mouse study confirmed the effect of quercetin in vivo to increase the bioavailability of GTPs and decrease their methylation. Consistant with our in vitro findings, a 2 to 3-fold increase in tissues concentration of both total and non-methylated EGCG and other GTPs in lung and kidney was observed in the combination group. However, only a small increase (1.3 fold) of total EGCG was observed in the liver with a small amount in non-methylated form. The different tissue biovailability of GTPs may be associated with the efficacy of GT in chemoprevention of different cancers. Lung cancer is the most frequently diagnosed cancer as well as the leading cause of cancer death worldwide 30, 31 . Kidney cancer is the tenth leading cause of cancer death in men in developed countries and liver cancer is the third leading cause of cancer death worldwide 31 . Tobacco smoking is the most important risk factor for lung cancer 32 . The comsumption of GT reduced the oxidative DNA damage (8-hydroxydeoxyguanosine) in smokers 33, 34 . In additon, the inhibitory effect of GT on lung tumorigenesis has been well demonstrated in animal models at different stages of carcinogenesis including initiation, promotion and metastasis 35 . GT has been protective against kidney and liver carcinogenesis in laboratory studies 1, 3 . However, there is limited evidence from human studies that GT could reduce the incidence of kidney or liver cancer 36, 37 . The presented results demonstrated that quercetin significantly increased the anti-prolierative effect of EGCG in A549 cells, 786-O and HepG2 cells, suggesting a promising approach to enhance the chemoprevention of GT in these cancers through the combination of quercetin with GT. On the other hand, quercetin did not cause a significant increase of GTP concentrations in mouse liver tissues, which minimizes the posibility of liver toxicity due to the combination.
Conclusions
In summary, we demonstrated in vitro and in vivo that quercetin increased the bioavailability of GTPs and decreased their methylation leading to an enhanced antiproliferative effect in different cancer cells. However, the combined effect may vary based on the activity and protein expression of COMT and MRPs in different tissues. Future studies are needed to investigate the tumor inhibitory effect of the combination in animal models and in humans. Tissue concentrations of GTPs, quercetin and their metabolites in SCID mice. SCID mice (n=5) were randomly assigned to GT (A), quercetin (B), GT + quercetin (C) groups receiving AIN-93G + brewed tea, AIN-93G supplemented with 0.4% quercetin + blank water, or AIN-93G supplemented with 0.4% quercetin + brewed tea, respectively, for 2 weeks. A group of mice (n=5) fed AIN-93G diet + blank water served as control. Tissue contents of GTPs, quercetin and their metabolites were detected by HPLC-electrochemical detection. Values are expressed as mean ± SD. * compared to GT alone or Q alone group, P<0.05.
